A 78-year-old man presented with cutaneous blisters of the limbs and abdominal distension. He had been treated for various diseases, including liver cirrhosis. He had begun receiving sitagliptin, a dipeptidyl peptidase-4 (DPP-4) inhibitor, for diabetes mellitus three years before the hospitalization. A skin biopsy demonstrated bullous pemphigoid. Ultrasonography (US) revealed multiple liver tumors, although he had been receiving regular US studies. We stopped sitagliptin and started insulin and corticosteroids. However, his renal dysfunction progressed, and he died 14 days after the hospitalization. We should therefore be careful of various complications, including bullous pemphigoid and progression of tumors, when using DPP-4 inhibitors.
Introduction
Dipeptidyl peptidase-4 (DPP-4, CD26) inhibitors (gliptins) are drugs used to treat type 2 diabetes mellitus. DPP-4 inhibitors delay the clearance of glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) (1, 2) . DPP-4 inhibitors improve glucose-induced insulin secretion and decrease blood glucagon levels (1, 2) . Therefore, DPP-4 inhibitors, such as sitagliptin, are widely used to treat patients with diabetes mellitus (3) .
Bullous pemphigoid is an autoimmune subepidermal blistering disease (4) . The target antigens of the autoimmune reaction of this disease are the hemidesmosomal proteins BP180 (BPAG2) and BP230 (BPAG1) (3) . The precise etiology of this disease has not been clarified; however, it seems to be associated with certain medical conditions or medications in some patients (5, 6) . Several recent studies have reported the association of DPP-4 inhibitors with bullous pemphigoid (7) (8) (9) (10) (11) (12) (13) (14) (15) . Furthermore, DPP-4 is associated with both tumor prevention and tumor progression (16, 17) .
We herein report a patient with bullous pemphigoid and rapidly progressive hepatocellular carcinoma (HCC) associated with sitagliptin treatment for diabetes mellitus.
Case Report
A 78-year-old man was referred to our hospital due to cutaneous blisters of the bilateral limbs and abdominal distension. He had been treated for liver cirrhosis (hepatitis C virus), dyslipidemia and hypertension for more than 10 years. He received ursodeoxycholic acid (300 mg/day), nicorandil (15 mg/day), pitavastatin calcium (1 mg/day) and aspirin (100 mg/day), and his condition had been satisfactory, although he had mild cognitive impairment, and his liver function tests were not completely stable. He had histories of cholelithiasis, brain infarction and cardiac infarction. Sitagliptin (25 mg/day), a DPP-4 inhibitor, had been started for diabetes mellitus 3 years before the hospitalization. Small blisters had appeared on his arms and legs, but they were very mild, and neither the patient nor his family had paid them any attention at the time. One month after the appearance of the blisters, he consulted his home doctor due to extended blisters and abdominal distension. At that time, renal dysfunction appeared, and his total protein level decreased and plasma glucose level and serum α-fetoprotein (AFP) concentration increased. Therefore, his home doctor recommended him to visit our hospital.
A physical examination revealed a distended abdomen. Large blisters of the skin were found on the bilateral arms and legs. The laboratory findings at the first visit to our hospital included a low serum albumin concentration, renal dysfunction, high blood glucose concentration and proteinuria (urine protein/creatinine ratio = 0.78) (Table) . We immediately performed a skin biopsy, which showed subepidermal blister formation with moderate inflammatory infiltrates, including many eosinophils within the blister and in the perivascular and interstitial areas of the upper dermis (Fig. 1) . Direct immunofluorescence for IgG (Fig. 2a), C3 (Fig. 2b) and C4 (data not shown) revealed linear deposition of these proteins at the subepidermal basement membrane zone. These skin biopsy findings suggested a diagnosis of bullous pemphigoid.
Anti-BP180 antibody was negative, and the concentrations of tumor markers for HCC, AFP and des-gamma-carboxy prothrombin [protein induced by vitamin K absence or antagonists (PIVKA-II)], were elevated (AFP, 356 ng/mL and PIVKA-II, 564 mAU/mL). Therefore, we considered the existence of HCC. The AFP level at 6 months before the hospitalization had been 9 ng/mL, and the PIVKA-II level at 3 months before the hospitalization had been 32 mAU/mL. Ultrasonography (US) revealed multiple liver tumors (at least 4 tumors with a maximum size of 39 mm in diameter) and ascites (Fig. 3) . He had been receiving regular US follow up. The most recent US examination performed at 53 days before the hospitalization had revealed a single highechoic nodule 18 mm in diameter. Because of the patient's age and various complications, the nodule had been kept under observation.
Sitagliptin was stopped, and insulin was used for the treatment of diabetes mellitus. We started corticosteroids (prednisolone 20 mg/day) and diuretics. However, hypotension and renal dysfunction developed. The patient died 14 days after being hospitalized. 
Discussion
Recent reports have described the association of DPP-4 inhibitors with bullous pemphigoid (7) (8) (9) (10) (11) (12) (13) (14) (15) . In some of those reports, metformin had been used with DPP-4 inhibitors, but the present patient had never received metformin. The mechanisms underlying the association of DPP-4 inhibitors and bullous pemphigoid are unclear. DPP-4 is important for the immune system, and changes in the DPP-4 activity have been described in some autoimmune diseases, such as rheumatoid arthritis, systemic lupus erythematosus and inflammatory bowel disease (2, 10, 18) . Hemidesmosomal proteins are targets of autoimmune reactions of bullous pemphigoid (4). Therefore, immune disturbance may be a possible mechanism underlying this event. Although anti-BP180 antibody was negative in the present patient, IgG, C3 and C4 depositions in the skin tissue were noted in his skin biopsy specimen (Fig. 2) . Therefore, immune disturbance may be a possible mechanism of bullous pemphigoid.
DPP-4 distributes to many systemic tissues (19) . Therefore, DPP-4 inhibitors can affect a number of physiological functions aside from glucose metabolism. Although the onset was rather late after the initiation of sitagliptin in the present patient, the association of sitagliptin with bullous pemphigoid cannot be excluded. Of course, the onset of bullous pemphigoid might have been spontaneous in the present patient. Recent study reported the association of cognitive impairment and bullous pemphigoid (8) , and our patient had mild cognitive impairment. In addition, renal dysfunction and accumulation of ascites accompanied the onset of bullous pemphigoid in the present patient. These may be due to intravascular dehydration, renal hypoperfusion and hypoalbuminemia accompanied by proteinuria.
Multiple liver tumors were detected, and the levels of AFP (356 ng/mL) and PIVKA-II (564 mAU/mL) were ele-vated in our patient. The AFP level at 6 months before the hospitalization had been 9 ng/mL, and the PIVKA-II level at 3 months before the hospitalization had been 32 mAU/mL. These findings suggest that the HCC progressed rapidly in the present patient during the six months before visiting our hospital. DPP-4 is associated with nuclear factor E2-related factor 2 (Nrf2)-mediated antioxidant functions. Nrf2 is strongly associated with cancer and performs dual roles (protective and progressive) in cancer progression (16, 17) . Recent reports have shown that the levels of DPP-4 inhibitors did not increase tumorigenesis but did increase the risk of progression of existing tumors (20, 21) . DPP-4 inhibitors induce prolonged activation of Nrf2 (20, 21) . Therefore, they may reduce inflammation in hepatitis patients due to the antioxidant functions of Nrf2, which may in turn prevent tumorigenesis. However, once tumor cells appear, Nrf2 may induce tumor progression. Furthermore, DPP-4 induced apoptosis in human hepatoma cells and hepatoblastoma cells (22) . Therefore, DPP-4 inhibitors may delay tumorigenesis during the first two years after initiation but may subsequently be associated with rapid disease progression after the appearance of HCC. Therefore, we should pay attention to the progression of preexisting tumors in patients suspected of having tumors, especially elderly patients with liver cirrhosis, when administering DPP-4 inhibitors.
We herein reported for the first time a patient with bullous pemphigoid and rapidly progressive HCC, likely associated with a DPP-4 inhibitor. DPP-4 inhibitors are widely used for type 2 diabetes mellitus and are usually safe, but they may have various effects on systemic functions. Therefore, we should be careful when using these drugs, especially in elderly patients with various serious complications, including cognitive impairment and liver cirrhosis.
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